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UPDATES OF POLARIZATION EXPERIMENTS IN CLAS

Run Period: egl
Experiments: 91-015, 91-023, 93-009, 93-036

OUTLINE

Overview of egl Run Period Experiments

Status of Polarized Target Development for CLAS
Update Experiment 91-015

Update Experiment 91-023

Update Experiment 93-009 - . :

Update Experiment 93-036



Overview of egl Run Period Experiments

The experimental updates contained in this session are grouped together because of
their similar running conditions. They aiso represent rather unified physics as well. These
are generically labelled the 'egl’ run period. All four experiments use a polarized electron
beam and a polarized solid state target NV H; or NDj; for the electron-beam experiments,
butanol for the photon experiment. Three of the experiments use the electron beam directly
whereas one (E-91-015) uses the longitudinally polarized electrons to generate a circularly
polarized photon beam. All four experiments have related physics themes, oriented toward
a better understanding of the spin structure of the proton or neutron, respectively.

Two of the experiments (E-91-023, E-93-036) will take data in parallel using the beam
time originally allocated for E-91-023, which will also set the running conditions. The
physics focus of E-91-023 i1s a measurement of the spin structure functions of the proton
in the non perturbative regime of QCD. E-93-036 will measure spin structure functions of
exclusive single pion production needed for the overall N* program, as well as providing
independent, and more detailed, information on the proton spin structure. Experiment
E-93-009 will use the identical setup with the NV H; target replaced by a NDj; target to
measure the spin structure functions of the deuteron. Experiment E-91-023 and E-93-
009 analysed together will provide information about the neutron spin structure function,
and also allow tests of various sum rules, especially the extended Gerasimov-Drell-Hearn
sum rule. Experiment E-91-015 will measure the dominant single pion and two plon
contributions to the GDH spin sum rule at Q* = 0.

The main reason why these experiments should run in a common run period is the
use of the polarized target. The installation, testing, and operation of a polarized target
represents a significant effort. Also, use of polarized electrons and the electron polarimeter
may not be a routine operation as for example switching the beam energy. On the other
hand, switching from an electron beam operation to a photon beam operation in Hall B
should be a rather small effort compared to the installation and operation of a polarized
beam and a polarized target. We also note that all four experiments will benefit greatly
from the installation of a high polarization, low current injector, based on strained GaAs
crystals, which is expected to be available in 1997.

Request to PAC10: Because of the rather unified physics that will be addressed
in these experiments, as well as the significant effort required to develop, install, and
operate a polarized solid state target in CLAS, we feel that the scientific rating by the
PAC should be based on the physics potential of the combined group of experiments.

The experiments belonging to run period egl are listed in the following table.

Proposal Spokespersons Title

91-015 Sober Helicity Structure of Pion Photoproduction

91-023 Burkert, Crabb, Minehart Measurement of Polarized Structure Funct-
ions in Inelastic Electron Proton Scattering
using CLAS

93-009 Kuhn The Polarized Structure Function G, and

the Q2 dependence of the Gerasimov-Drell-
Hearn Sum Rule for Neutrons

93-036 Weller, Chasteler, Minehart Measurement of Single Pion Production
from the Proton with Polarized Beam and
Polarized Target using CLAS



Status of Polarized Target Developments for CLAS

The trends of the past few vears in the development of dynamically polarized solid
targets have been mainly in two directions. One way, where the target operates in an
intense beam, uses high power *He evaporation refrigerators, together with high field
superconducting magnets and radiation resistant materials, such as ammonia. The other
way allows operation of dilution refrigerators in a routine manner, particularly in the
frozen spin mode. Here the emphasis is on low beam intensity with large acceptance for
the scattered particles. Target materials such as butanol or pentanol are used. Both types
of refrigerators are being developed for CLAS.

Tt should be remarked that the use of *He evaporation refrigerator has declined as the
more versatile dilution refrigerators have developed into routine use. There is no intent at
present to use a *He refrigerator in CLAS.

"He Refrigerators

The first refrigerator and magnet built with CLAS in mind was assembled and tested in
1992. This system uses a vertical, top loading refrigerator with a 5 Tesla split pair magnet.
This polarized target has recently been used in experiment E143 at SLAC and obtained
proton and deuteron polarizations of 96% and 42% in '®NHj3 and '*NDj respectively.
Beams of 5 - 10! electrons/sec on target were used routinely. -

The original expectation was that the target would return to CEBAF and operate
first in Hall C, before moving to CLAS. The magnet was designed so that the coil package
could be removed from its cryostat and installed in another one tailored to CLAS. Because
of the difficulty of using a vertical refrigerator another one was to be built. Since that time,
schedule changes, experimental criteria and technical advances in magnet fabrication have
made it advantageous to custom build a new magnet and refrigerator for CLAS. Design
studies have been conducted over the past year with personnel from Oxford Instruments,
CEBAF and UVA. Based on these discussions, Oxford Instruments presented a preliminary
design in October 1995. A comprehensive evaluation of this design took place at UVA on
Nov. 16, 1995 at UVA with an Oxford Instruments engineer. He will prepare another set
of drawings, which will include all the changes and modifications discussed.

At the present time, the magnet coil is designed and will not change. The refrigerator
will use the same design as for the one used in experiment E143 at SLAC. There will be
a few small modifications because the refrigerator will enter the magnet at an angle of
30° from the horizontal rather than vertically. However the target cells will still be moved
vertically. At this stage the magnet cryostrat is receiving the most attention as it must
be built within the space restrictions imposed by CLAS, allow for the large acceptance
dictated by the approved experiments and accomodate the *He refrigerator.

The next and, probably, final round of design discussions is expected to take place in
January, 1996 so that an order can be placed by early Spring.



Dilution Refrigerators

Although the experiments so far approved could use the *He target system. those
using photon beams would greatly benefit from a dilution refrigerator operating in the
frozen spin mode.

The most efficient way of moving forward so that the provision of a dilution refrigerator
becomes a reality 1s to obtain a system which is already built and which can be readily
modified to meet our needs. Two such dilution refrigerators together with pumps and gas
handling system have been located at CERN. Negotiations are at a preliminary stage and
will require an agreement between CEBAF, CERN and Oxford Instruments. Unfortunately
there has been little movement towards implementing such an agreement and other avenues
are being explored.

As a practical matter the polarizing and holding fleld for a dilution refrigerator in
CLAS could be the magnet discussed in the previous section, if specified at an early stage.
On the other hand, a holding field could be provided by a coil built into the refrigerator.
These and other possibilities are being discussed among the interested parties.

HD Target

Solid HD has emerged recently as a possible polarized target to be used. in particular.
with low intensity photon beams. It is being considered by one group for CLAS. The
production of such targets requires very low temperatures (10 mK) and high magnetic
fields (15T - 20T) and before 1ts use in a photon beam some technical issues have to be
resolved. The LEGS project at Brookhaven, together with Syracuse U. and Orsay is making
the investment to produce targets for experiments there. Development is continuing and
progress there is being monitored closely.

Research, Collaboration and Funding.

Research and development on topics, such as materials are continuing at the U. of
Virginia and SLAC. In addition, work on further optimization of the *He polarized target
is underway at both institutions.

CEBAF is in the process of filling a staff position for a polarized target physicist to
work with the UVa group, and to lead the polarized target effort at CEBAF. The CEBAF
Physics Division plans to build up a small group to support these activities and to be in
charge of the operation and maintainance of these targets.

This year the U. of Genoa indicated an interest in collaborating with UVA in building
up the infrastructure of the CLAS polarized target with e.g. microwaves and NMR. They
have placed orders for some major components which will be tested and run on a 5T
magnet/ 1.5K refrigerator at Genoa before incorporation into the CLAS target.

This year the UVA group obtained an Academic Enhancement Grant from the Uni-
versity to pursue the development of polarized targets for CLAS. The grant includes the
promise of matching funds from outside sources such as CEBAF.



Update to Experiment 91-015:

Helicity Structure of Pion Photoproduction
Spokesperson: D. Sober

The scientific interest in the question of the Dreil-Hearn- Gerasimov sum rule and its
experimental determination has not diminished since the submission and approval of the
proposal. Theoretical work continues, and several new proposals to test aspects of the DHG
sum rule have been approved at other laboratories. Recent results on the polarized deep-
inelastic structure functions of the neutron' have given rise to interesting questions about
the relationship between the spin structures of the neutron and proton, and a proposal for
testing the DHG sum rule on the neutron at CEBAF has been conditionally approved by
PAC9%. We address here some of the implications of these new developments.

Recent theoretical work

In addition to many papers dealing with the Q%-evolution of the DHG sum rule, some
new approaches to the original real-photon sum rule have appeared. D. Drechsel and M.
Giannini® have shown that in the constituent quark model the sum rule depends on large
cancellations between resonances and that there is a slow saturation with energy. L. N.
Chang, Y. Liang and R. L. Workman* have shown that current algebra calculations predict
a deviation from the sum rule that 1s in qualitative agreement with recent phenomenological
predictions.

Comparison of 91-015 to proposals elsewhere

Since the approval of Experiment 91-015, two additional programs of experiments
have been initiated. A unified experimental program involving collaborators from a large
number of European institutions has been approved to run both at the Mainz microtron
MAMI (Experiment A2/2-93, contact person H.J. Arends) and at the storage ring ELSA
at Bonn (spokesperson G. Anton). Another program has been proposed at the LEGS
laser-backscattering facility at Brookhaven National Laboratory (Experiments L18 and
L19).

The program at LEGS involves measuring the contributions to both the neutron and
proton DHG sumn rules at energies up to 470 MeV, using a large-aperture detector array.
The experiment depends on the development of a unique frozen-spin HD target (SPHICE),
in which the polarization of the protons and deuterons can be individually adjusted to be
zero or non-zero as desired. This target makes it possible to control very precisely the
difference between the neutron and proton sum rules, and the experimental program will
emphasize this capability.

The existence of these additional programs in no way obviates the necessity for the
CEBAF program. The angular distribution of the contributing processes are rapidly vary-
ing, especially in the forward direction, and are substantially different in the two helicity
states (when known}), so that the extrapolation to zero angle can affect the results substan-
tially. For the case of single-pion production. the extrapolation using partial-wave analyses
is straightforward. All of the proposals are rynally capable of extracting an unambiguous



result for the contributions to the DHG sum rule up to about 500 MeV.

Above 300 MeV. when multiple-pion production becomes important. complete solid
angle coverage becomes increasingly necessary. Between 500 and 800 MeV. Mainz has an
advantage over the CEBAF experiment because of the complete azimuthal coverage and
more extensive forward-angle capability, and one might argue that the 800 MeV endpoint
run time at CEBAF would be unnecessary (except for cross-calibration purposes) if the
Mainz experiment has already run successfully at that time.

Above 800 MeV, the CEBAF proposal is in competition only with the Bonn experi-
ment. Although they address the same physics, these experiments are largely complemen-
tary. The Bonn technique is purely inclusive, but relies on a forward-angle extrapolation
which is complicated by the necessity to exclude eTe™ pairs. In the crucial energy region
between 0.8 and 2.0 GeV (see Figure 1 of CEBAF Proposal 91-015), nearly half of the
cross section consists of two-pion photoproduction, whose multiplicity is not high enough
to guarantee that the forward-angle corrections to the Bonn method are small. In order to
set realistic uncertainties for the Bonn technique, exclusive measurements of the angular
distributions of the individual processes in each helicity state are necessary, and these will
be provided by the CEBAF experiment.

Options for polarized targets

Experiment 91-015 was approved under the assumption that the available polarized
target would be a high-magnetic-field target system which is also suitable for electron-
beam experiments (e.g. Experiments 91-023, 93-036). However, the PAC 3 report on the
proposal states "The possibility of using a frozen spin target should be seriously explored.
especially as an investment for future experiments.” The principal advantage to be ob-
tained from using such a target is that the magnet required to produce the holding field
can be much less obstructive than the massive split-field magnet planned for the electron
experiments, allowing particles to be detected over a full range of angles. This is partic-
ularly advantageous at the higher energies, where the more complete solid angle coverage
would vastly increase the acceptance for reconstructing the two- and three-pion final states.

According to the polarized target group at the University of Virginia, the only major
impediment to constructing a frozen-spin butanol target system is the cost of the dilution
refrigerator. In a minimal modification to the planned electron-beam target system, the
holding field could be provided by the fringe field of the existing split-field magnet displaced
upstream, thus providing an unobstructed view of the target in the forward hemisphere. At
additional cost, a thin solenoidal holding-field magnet could be provided, allowing access
to a still wider range of angles. We strongly support both of these additions.

Another possible scenario would follow from the successful construction and testing
of the SPHICE frozen-spin HD target at LEGS. If the technique succeeds, using such a
target for Experiment 91-015 at CEBAF would confer two additional major advantages as
compared to a "conventional” frozen-spin target: (1) a much lower "dilution” factor for
polarization effects {number of bound nucleons per free nucleon = 2:1 for HD, compared to
64:10 for butanol); and (2) compatibility with the proposed measurement of the neutron
DHG sum rule (since the signal in each experiment would comprise part of the background
of the other.)

At the present time, we feel the most prudent course of action is to continue planning



to run Experiment 91-015 as part of the “egl” run period. sharing target setup time
with the electron beam experiments 91-023 and 93-036. If funding for the "conventional”
frozen-spin target can be obtained. then we would strongly prefer to pursue that option, if
necessary delaying the start of the run by up to one year to do so. The future of the HD
target development is too uncertain for it to enter into our plans at the present time.

References
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Update of Experiment CEBAF 91-023 and 6 GeV extension:

Measurement of Polarized Structure Functions in
Inelastic Electron Scattering using CLAS

The N* Collaboration
Spokespersons: V. Burkert {(contact). D. Crabb, R. Minehart

Description of the proposed experiment

The cross section asymmetry will be measured in £p — e.X using a polarized electron
beam and a dynamically polarized N Hj solid state target. The kinematical range covers
smail and moderate @2, and energy transfers in the nucleon resonance region. With the 6
GeV extension, a significant part of the deep inelastic region will be covered as well. The
target will be polarized parallei to the direction of the beam. Measuring the polarized cross
section asymmetries for reversed electron helicities at fixed ° and W, but at different
beam energies allows the separation of the two polarized structure functions. Required
energies range from 1.2 GeV to 4.0 GeV at normal magnet polarity {electrons bending
soward the beam) and 6 GeV at reversed magnet polarity, with the target moved about
1 meter upstreams. The known asymmetries for elastic electron proton scattering will be
used to accurately determine the product of target and beam polarization, which provides
excellent control of systematic uncertainties.

Physics motivation

The main goal of the experiment is to study the spin structure of the proton in
the nonperturbative regime of QCD. We will measure separately the polarized structure
functions AP(Q2, W), AR(Q* W) (or ¢f(z,Q%), ¢5(z.@%)). With the exception of an
early, low statistics experiment at SLAC {which also did not attempt to separate A;, 4z),
these structure functions have not been measured before in the kinematical region covered
by this experiment. One of the puzzles of the deep inelastic experiments at CERN and
SLAC is the result that the quarks carry only about 1/2 of the spin fraction predicted in
widely accepted theoretical pictures (Ellis - Jaffe spin sum rule). Other possible sources
contributing to the nucleon spin are gluons, whose contributions via the axial anomaly
were found to be small at best, and orbital angular momentum of the 3-quark system.
The latter contributions are necessarily connected with extended objects such as excited
3-quark states, and cannot be probed in deep inelastic scattering experiments, but they
may be accessible at lower energies and momentum transfers.

Another result of the deep inelastic experiments is the conspicuous absence of a sig-
nificant Q? dependence for the integral I? = [ ¢,(x,Q%)dz ~ 0.132 at Q* > 2GeV?, while
at ® = 0 this integral should be constrained by the Gerasimov-Drell-Hearn sum rule (s
= anomalous magnetic moment of the target nucleon):

M? dv 1,
7l (Ulfz—asfz)jx—zﬂ

via the relation (note the negative slope of I'{!):

I’P__Q‘Z 2 Q2 0
) S 8M2K ( - )

forcing I'? to have a zero crossing at finite Q. Study of the expected dramatic Q? depen-
dence of T'f at small Q7 is one of the objectives of this experiment.



We will measure the Q? dependence of the Ellis-Jaffe sum rule, as well as the Bjorken
sum rule (making use of the neutron data from E-93-009). The data will also be used to
determine the contributions of the resonance region to the integral I,(Q%) = [ g2(z. Q% )dx.
and examine the low Q? behavior of the Burkhard-Cottingham sum rule. which predicts
Iy = 0 in the deep inelastic region. Both parts of the proposal have been strengthened by
the approved extension to 6 GeV. which allows probing part of the deep inelastic region,

and also provides much improved sensitivity to ga{z, @%) {42).
Recent theoretical developments

Proposal 91-023 generated considerable activity in the literature! =7, to generalize the
GDH sum rule to finite Q% and to link the non-perturbative regime with the deep inelastic
regime. It has become clear! that nucleon resonances are not only the dominant contribu-
tions to the GDH sum rule at Q* = 0, but they play an essential role in understanding the
transition to the deep inelastic regime. Even the sign change of the spin integral may be
explained by the @ evolution of the resonance transition amplitudes. Their contributions
are not even negligible in the @? range of the SLAC experiments E142, E143. In some
models!™*, corrections for resonance contributions are found to affect the resulting spin
fraction carried by the quarks to values consistent with about 50%. This makes it even
more important to obtain precise measurements of the inclusive spin structure functions
in this kinematical regime.

Relationship to other experiments

Following the approval of E-91-023, experiment E-93-009 was approved with same
physics goals for neutrons using polarized ND; as a target. E-93-009 needs the result
of E-91-023 to extract the spin structure functions of the neutron. Experiment E-93-036
will measure exclusive spin structure functions for single pion production, and the unpo-
larized N* program will give detalled information about the spin structure of resonance
excitations. These experiments combined will provide the detailed information needed for
a comprehensive analysis of the nucleon spin structure in the resonance region.

Experiments at SLAC, HERA, and CERN are focussing now on measurement of the
()* dependence in the deep inelastic regime. Experiment E-91-023 complements these
studies in the resonance region and will also measure the lower Q° behavior at high energy
transfers, which is not accessible to other experiments.

Hardware developments

Our collaboration is heavily involved in the construction of CLAS, and the develop-
ment of the polarized target for CLAS. Don Crabb of the University of Virginia, with
engineering help from CEBAF is designing a polarized .V Hj solid state target for use in
CLAS. Volker Burkert is in charge of the calorimeter project at CEBAF. The calorimeters
will be used to identify electrons in conjunction with the Cerenkov detectors. The RPI
group, who is responsible for the Cerenkov detectors, is also part of our collaboration.
Ralph Minehart (UVa) is in charge of the design and construction of the trigger electronics
for the calorimeters and Cerenkov detectors, as well as the testing of more than 6000 pieces
of plastic scintillators. All six calorimeter modules are expected to be completed by the
middle of 1996, one has already been tested with cosmic rays, and installed in CLAS. The
first Cerenkov detector sector is presently being assembled at CEBAF.

The experiment can be ready for testing in the middle of 1997, and for taking data
by early 1998. At this time, polarized beam at the appropriate current levels of 1InA - 1
©A have been requested for Hall B®. The proposed hall B run plan projects the first series



of double polarization experiments for the middle period (vear 2 after commissioning of

CLAS).
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Update of Experiment 93-009 in Hall B:

The Polarized Structure Function G;, and the @? Dependence
of the Gerasimov-Drell-Hearn Sum Rule for the Neutron

The N* collaboration
Sebastian E. Kuhn {spokesperson)
Qld Dominion University, Norfolk VA 23529

Experiment 93-009 will measure inclusive & ~ e.X scattering at low to moderate Q?
both in the resonance region and at higher energy transfers. It will complement experiment
91-023 (polarized structure functions of the proton). We will use the same high field (5T)
cryogenic (1K) target as 91-023. but with deuterated ammonia {NDj3) instead of ammonia
(NHj;) as the polarized target material. We will extract the neutron asymmetry from the
deuteron data after subtraction of the independently measured proton contribution. We
expect high statistics data on the polarized structure function G, for momentum transfers
from Q% < 0.2 to Q% = 2.0 GeV?/c? and for energy transfers from threshold to near beam
energy (4 GeV). These data will allow us to measure the Q*-dependence of the Ellis-Jaffe
sum, | gin(z,@Q?) dz, for the neutron and of the Bjérkén sum, flg12(z,@¥)—g1a(z, Q%)) dr,
for the proton-neutron difference at low @*. The data will also shed light on the transition
from the deep-inelastic QCD sum rules to the photon point (GDH sum rule) (2],

Since this experiment was approved {by PAC VI) with high priority, much work has
been done, both within our group and elsewhere, making the physics motivation even
stronger and preparing the ground for a successful experiment in Hall B. The spin struc-
ture functions of the nucleon continue to be a hotly discussed topic, where major new
experimental **} and theoretical *! results have been obtained in the last 2 years and
more are expected soon. New data on the proton and the deuteron have been published
by the E143 collaboration at SLAC ¥l and by the SMC collaboration 4. Several add;-
tional experiments are presently taking data (SLAC E154/5, Hermes, SMC). The results
so far give a tantalizing glimpse on the (relatively flat) @? behaviour of the spin structure
function g for protons and neutrons at high Q*, and first results in the resonance region
are forthcoming from E143 (our group is actively involved in the analysis of these data).

On the other hand, no high-precision data for the neutron exist (or will be taken
at the high-energy machines) in the low @ region where one expects the most dramatic
change (even in sign) of the spin structure functions. This “missing link” between the
deep inelastic sum rules and the Gerasimov-Drell-Hearn sum rule at the photon point
can only be explored at CEBAF. The interest in this region remains very high. Having
both proton and neutron data is important for several reasons. In the resonance region.
data on the neutron can be used to extract information largely orthogonal to that from
proton data since isospin symmetry alone does not determine the relationship between
transition amplitudes on both nucleons. For comparisons with non-relativistic quark-model
calculations, the neutron is even the preferred target, since spurious translation effects play
no role (because the neutron charge is zero)l®l. The neutron data are also necessary to
determine the @*-dependence of the very fundamental Bjérkén sum rule which will allow
us to study the transition from perturbative QCD to the low-energy region of bound multi-
quark systems. Finally, near the photon point, Q% < 0.2, we will be able to shed light
on the apparent large discrepancy between the prediction of the GDH sum rule for the
neutron-proton difference and the result from recent analyses of pion photoproduction
data, which even disagree in signl®l.



\leanwhile, progress towards realizing the present experiment has been steady. Several
members of our group (both from ODU and from UVa) are actively involved in experiment
E143 at SLAC, and in the forthcoming extension at higher energies. E155. Our experience
will be very helpful in every aspect of the experiment at CEBAF. This is most obviously
srue for the design and operation of the polarized ammonia (NH; and NDj) target to be
used for experiments 91-023 and 93-009. which will be built in close analogy to the target
used at SLAC. The design work which is ongoing now can be based on experience with
the day-to-day operation of a real target. allowing us to optimize all parameters.

Other aspects of E143 for which our group was responsible include Monte Carlo simu-
lations and estimates of nuclear effects in deuterium. The latter is an especialiy important
question at lower Q?; one needs a rather realistic model of the nucleus used (deuterium in
this case) to extract reliable information on the neutron. The computer codes we developed
to study this issue will be directly applicable to experiment 93-009. There are also recent
theoretical studies of this problem which include both off-shell and relativistic effectst™].

Finally, our group is responsible for a large fraction of the detector package of CLAS.
The ODU group is building the Region 2 drift chambers (with support from CEBAF).
These are 6 large (=~ 4m long) drift chambers with curved endplates placed between the
coils of the CLAS eryostat. They will contain a total of 50,000 wires in 12 layers (6 axial
and 6 stereo). So far, one full-scale prototype has been built and one wire chamber sector
has been completely strung at ODU. One more sector is nearing completion at CEBAF,
and Sector 3 is being strung at ODU. We expect to begin installing chambers in the CLAS
by January 1996 and complete all chambers by mid-1996. The UVa and CEBAF members
of our collaboration are leading the effort to build the front part of the electromagnetic
calorimeter which will also be crucial for our experiment. The collaborators from Duke
University are responsible for parts of the Moller polarimeter that will measure the electron
beam polarization. The UVa group is responsible for the polarized target.

We expect all components of the experiment to be ready to take beam in 1997. In
view of the high priority given to this experiment by PAC VI, we hope to start collecting
data for experiments 91-023 and 93-009 very soon thereafter.
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Update to CEBAF 93-036:
Measurement of the Fé.¢'r*)n and p(&, e'p)n®

The N* collaboration
Spokespersons: R. Chasteler, R.Minehart, H. Weller (contact)

Description of the proposed experiment:

The CLAS detector will be used to measure asymmetry data for the exclusive reactions
ép — en™n and €p — ex”p using polarized electrons on the protons in a polarized solid
state '"NHj; target for the first time. This experiment will run concurrently with the
inclusive experiment (Proposal 91-023). The invariant mass region 1100 < W < 1800
MeV will be studied for @2 from 0.25 to 1.25 (GeV/c)?, using incident electron energies
from 1.2 to 4 GeV. Three independent asymmetry ratios can be obtained in bins in a four
dimensional parameter space, (Q?, W ,6,0), free of uncertainties associated with the CLAS
acceptance.

Proposal 93-036 presents estimates of the order of magnitude of the asymmetries we
can expect, based on the AO code, developed at CEBAF. There, we showed that the
proposed experiment will provide asymmetry measurements over a large range of Q2 and
W with significant statistical precision. Results in this region are particularly important
since this region of the N* spectrum includes several resonances, some strongly and some
weakly excited. Our results show that the polarization observables can be extremely
sensitive to the presence of and the detailed properties of these resonances. These data are
also very important in that they will provide a major step in the effort to obtain a model
independent determination of the helicity amplitudes. The anticipated measurements will
yield a wealth of data in a region that is presently limited to total cross sections plus a
few measurements of differential cross sections. The large angular acceptance of the CLAS
will open a new era in the study of the structure of nucleon resonances.

Missing mass measurements will be used to extract the yields of the exclusive reactions
ple,e'77)n, and p(e,e'p)n’. Simulations (by B. Niczyporuk) indicate that we can clearly
resoive the elastic scattering from the pion production peak. It also is seen that the
background due to '*N makes a rather small contribution to our errors.

With good particle identification and good momentum and angular resolution for
charged particles the CLAS is ideally suited for an accurate study of these reactions.

A simulation code was used to calculate the CLAS acceptance for pion production
with the polarized target in place. We require the pion or proton lab angle to be less than
50° with respect to the beam in order to miss the polarized target magnet coil. The results
indicate acceptances of between 0.2 and 0.4 for the full angular range.

Physical Motivation:

The motivation for these measurements has not changed in any substantial way since
our original proposal. In the region of this experiment, the cross section is dominated
by four states,P33(1232), S11(1535), D13(1520),and F,5(1690). The controversial Roper
resonance, the P;;(1440), also lies in this region. As discussed in our original proposal, the
asymmetries of this experiment are extremely sensitive to the details of the models used
to describe the Roper resonance. The Q? dependence of the asymmetries is an important
and sensitive means for distinguishing between a number of competing models for nucleon
structure. Precise data on the Roper resonance will be used to select among a variety of



models and can be expected to resolve many issues, such as the configuration of its quark
structure and whether it is a hybrid resonance exhibiting gluon excitation.

As stated in our proposal, the experiment is expected to yield high quality data that
by itself is expected to produce a great improvement in our understanding of the nucleon
resonances and their coupling to the electron. However, it must be emphasized that, to a
large extent. this is a discovery measurement to determine the order of magnitude and the
functional dependence of the heretofore unmeasured asymmetries.

Relationship to other experiments:

No measurements have been made in the intervening period to eliminate the need for
our measurements. Proposed experiments af Bates. or at European facilities such as MAMI
and ELSA. appear to be limited to very low Q? studies in the region of the . None of
these laboratories have apparatus or energies that will compete with the CLAS detector at
CEBAF. And none are proposing to use polarized beams and targets. As discussed in the
original proposal, there are presently no measurements of these asymmetries available. The
improvement to be expected from the proposed measurements will therefore be enormous.

It should be pointed out that the much more complete unpolarized measurements of
experiments E-89-037 and E-89-038 will be needed in working toward a model-independent
anaiysis of the resonance region.

Theoretical activity:

Since the submission of our N* proposals, theoretical activity in the field has acceler-
ated. Several calculations! —* using relativized versions of the quark model, and motivated
by the CEBAF program have been published. A specific calculation of Li, Burkert and
Li5 finds some success in explaining the Q° dependence of the Roper electroproduction
in terms of a model including gluonic degrees of freedom in its structure. Much better
data that reduce the model dependence of the resonance extractions are needed to choose
among various models and to get insight into their specific strengths and weaknesses.

Current activities of the group:

As discussed in the update for Exp. 89-037 and 89-042, a program to develop data
analysis techniques is under way. The computer programs provided by this work will be
applied to simulated data to test the effects of systematic errors in this experiment. In
addition, the proponents of this experiment have been contributing to the construction of
the CLAS. Volker Burkert is in charge of the calorimeter project at CEBAF. The Virginia
group represented by Ralph Minehart is responsible for the testing and characterization of
all scintillators ( 6000) shorter than 3 m in length, and they are designing and producing
the analog electronics for the EGN trigger. The polarized target is being developed jointly
by CEBAF and Virginia under the direction of Don Crabb.

The Duke University Group is responsible for installing a Moller Polarimeter in Hall
B. The polarimeter will operate over beam energies from 800 MeV to 6 GeV. The major
systems to be used in this device are the magnetized- foil target, two large quadrupole
magnets to detect the scattered electrons. and the detectors for detecting the electrons.
The quadrupoles exist, and the electron detectors will be obtained from the components
of the EGN prototype calorimeter. Other elements of the polarimeter are currently being
tested in prototype form.
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